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[S7] ABSTBaCT 

Tlmambm U uowr Icnown to mr^aze a mttht>er of pm&i 
biological eifem cm ceUii bcaiing bi^afSTuly Uimmbin 
recqxon. Thcuc cfibcts depend, lit leasi in jratu upon rccep- 
lor occupancy signals generated ihiomlnn's imcwcion 
th? high affiniiy itvonibui tccepnor. Tbc prescni inven- 
wrs Jiave fonmiloied syntbsnc tiiroinbin denvative^ arable 
of 8Qlec(ivciy tfiznuladng or inhibiting (hrombln re r ttnor 
occupancy agnals. Tbc siiinulacoiry ^krombin dexivanvca lo 
bind 10 ceU sar^ Uvombin fecepcors and sdoulaxe DNa 
«y«lms in cells izeaied wiib noD-QuU>gBmc conoexmatiana 
of alpba^cbxQinbin or pborbol myiiaiatt: aoctalc. 'Hnia, ihe^ic 
peptides, wbich have both a thrombin itccpior bmdmg 
domam and a segojem of amino acids wiili a s eq u enc e 
comntoa w A oiimber of KCnttfi pro;ease&, ^pear 10 geoew 
i«ccpcor-occupaocy dcpmrlrnt miio^enic xignaU^ J\it 
inhibiiQry dcrivauvcs, which bave no tf«inc e^flcRUie cnn- 
5CTved anuno and ivquem^eii bind (o ibromlno ttc&pyan 
witbooi gcncianng iccepu»<Kiccupancy dcp cn d cni milage- 
mc fitgoals. Thifi invenpon deacnbev dw peppdos and meth- 
ods for osuig ibexn id pn>moie cell growcb ana wound 
bcaUng or to inhibiL acar fonnauon, D&auc ad hcsi o tis . and 
lumor mctasttuas and angiogenctfis. 

6 Claims, 6 Pi:&%^ Shew 
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COMPOSITIONS ANH METHOPS FOB USE 

The £s>vtziniKm awn> nsbts in ibr pn»au mvcwion 
pursoflQi CQ gmi Nos. CAOOaos and AM2S8a7 &om ibe ^ 
Naiionitl lA&tiiuies of Health. 

Tlu* IS a divjtdcmaJ of application Ser No. Ofi/925^1 
tilcfl Ocj, 31, 1986, now U.S. PaL Na 3332.66<^. 

BACKGROUND OF THE INVENTION ^° 

1. Bcld Of ibc litvcmion 

'Htp prpscm utv^uon a 4txpcEe4 w chemical oompounos 
imd mt^mods Mutu\ in ibc vt^guljaioa of i^noinbm leccpzor 
iDc(iia»c( cell Btiawlaiioz;. More spedtotUy, Ao mvraiioo us 
directed u> prolluotpom-den^ed pepudea and meibods 
wbich employ sacb peptides for promqaog wouod besUng 
and mhihlTiTic scar fonnadoo, tisvuc adbcdoasr fa2ood coagu- 
lacion, wmor aog;ogenesis, ounor meosmis aod pulmonary 
fd n m a 

2. Pokcnplion of Uw ftcUrfed Ait 

Hoinan alpha^tbroxtdnn appcan vo bavc {Ero>ftd!^om0[p 
lag activity for ti wide vaiicty of cell> ton vshous dssitfv. 
for ex4mplB. alpha-ibfombui has beeo lihowA vo utmaie 
prolilbaticHi of fitsoblastu; cdU ia cnltore without addidon 
of serum or other pimfifid grouoli facwn. M synH^ 
cpidcnna] growth {actor iu ctnam faamsiirr ^brotosts aiul 
human cndothelisl odls. und to iniliaic cell di vmoa or ONA 
ayndicsis in raaiomaliaa Icna epithelial and !Eplecn ctUa. Ycf> 
(he use of itoomtaa ws a gtowth factor md US poiencia) 
in^nance lo wound hpsling haa ttai bc^ widely 
acciaimwt in pan, this may due to the conjpl«wi> of 
Uiranu>in'» invnlvrment with coagulation, platelet activa- 
oon. and uutiaaon of cell proUftratHm as wcU as to itic 
complex tegtUatioo of uvombiQ and tnroxobuhhlca rool- 
cculox by acxum prptea^c intuhitonf and by cell-rdcascd 
prtweasc «e*i08. Thw complexly aod high decree of phyai- 
ologic tepjlation, however, sappons the poiendal impor- 
lance of t&is xnitianoa pamway tn wound heahng. 

Thiornbin may aUo play a tolc in mctatflaais and nngio^' 
genesis of inmora. CeneraUy, for a oimor to grow larger 
a few midixneienf in diamotcr, vascular eodotbeham muat 
pndiftote ond fotm vcwde walj« to pimvid^ 
nomeDtft to the cells insida of the mmor mass. Ihrombin 
UKcly potrqTlaTTO tbiti procesA virtue of iu itbdity to 
induce pioU&raii^ of ef:dod»lial caUa. In 
bin |m beon shown w dlampt the nonnal interceUnlar 
cudotbeUal cell coaiaccs imponant m ptiaveniing cans and 
plasma fuctora tmm escaping or enlerin^ the ndcrOva»Ad4- 
ime. The present hyp<^aus dui itiroinbin may incroaae 
ractaatntritf by disruprms d)cu: c f>nuiftr:t is $uppon«d by 
Boxdics demonmrating a c o oehition berween decnwd lev- 
els of anti-ihrorohin m (which removes thrombin and odicr 
prQf«asni £com p^usma) ^ iocraased tumor mata«»ft(«. 

Wmom smdtett have M the present inventors to conclude 
diBi bi^*affinity ci^ surface Uuombin iccc(ftOr« (Sec Car- 
ney and Cunninshasu. C^U 12:1341, 1978) may be snvolved 
inluinormetatfta»S4ndaCiglosene«u».Fora^^ smdies 
have indicaied ttiB( ihromfain rcc^tom can Serve as bindins 60 
sites for ti«t»ae plasminogen acUvaio^ a tnoloculc secittcd 
ton metastanr tumor cells. Moireovcr» other swipes dem- 
aurnne the iovcdvemeu of cissoa p1?»minpgcn acdvacor in 
metobtasU and an£ipgent»as. Ihua, t&any ^ cba effects of 
{daasuDQi^a activwpr may ho awdiaiad thnm^ ib inmac* as 
tion with the cell Barfte thronihin mcpptor; li is thereftua 
proposed that sttmuladon of the dxrombin rccepuxr serves Co 
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promote tumor metastases, while inhilmion of die receptor 
will decrease metastatic acdvny. 

thrombin ha& al»o been »bown to cause changes in the 
sQi^muTc and iiuictmn of cells which malce np the endodte- 
lial vasculamre. Ihese studies suggest that doombin n»y 
play a central role in the dcvdopmcst of pulmonary edema 
as weU as edema of other tuf»uca. For example, dromton baa 
been shown to tnciaasa perroeabiliTy of eodoihehal cell 
moofllayers to macromdlecules, increase ^tlenid pressure 
and pulmoxmry vascular rpaiaiance, lo induce smoom muscle 
contraction, and to increasf uanscapiUary floid ^tradon. All 
of these ejects m4y be mediated by thrombin's imeracdon 
with can surface thrombin receptors. 

A number of recent studies have aoempsed m elucidate 
the mechamsms fot throzobin-mediaied cell siimuhiUon. 
TTicsc studies have indicated to the preiicnt inventors mar 
iomanon of cell prolileradon by dnotnbm rcquirea two 
signals. 7^ Qisc signal appears to be dependent upoo 
hiriding of the duombin molecule to the high affiniiy cell 
vmfyffc thrombin recrpccn; wbile tbc «econd signal rcwks 
kom Ibe ewpynno ;ti4ivUy of dw dsoinbio th q I oo hI q. Ttui», 

mUdce alpba-tbromhm, neiiner pxp-al^a-tbrombin (a pro- 
leoIyiicaUy inacRve ttvomtnn dertvauve mat retains recep- 
toir-binding activityl nor gammaHhrombia (an esceiolyii- 
caHy acuvc, but non-bmdmg duomhia dcuvative; can 
midac& DMA syathesis or cell division. However, simolia- 
neons additian of dtese rwo non-mitogouc Thrombin deriva^ 
dves imdmes a level of PNa symoesis and cell division 
campaiahle to thai ixndated by atpha-daombin- 

The»e same duombm deovaiivts havr been used to 
disdnguisb inrraccUuiar event* ddnndaicd by faigh-a^miy 
Thrombm mcepmr occupancy ttam those resulting &om 
proteolytic cleavage. A^ha-dnmnbm and gamma-cbrombht 
bodi ftdnmlatr Na'VKT AlTaac activiqr. pbospboinosirol 
wrtwvar. and Cai^ metabolism, whereas DiP-alptMpdirom- 
bin doe» nOL Thus, dutse events ore atiributablt: to dirom- 
bin's enzymiP acdvity. not to receptor occapancy. Enuihex^ 
more, diese 4i|gmds (die releaiie of diucylglycerol and 
iootfiiol triphoftpbatc to cause mobmaadoa) may in turn 
acdvaie protein bnase C. Accardingly« it has been shown 
dui phorbo] c^iisiaie acetate (FNLV), which tcnvazes pro- 
tein Idnase c, can subsnmte for enzy mically aedve gamma- 
dmurU^ and inidate cell division in die prcvencc of receptor 
tfaiuraiiog levels of QiP-alpha-tbromhin or monodomd anti- 
body to the thrombin recepcor. Tbu», the requiremams for 
en/ymically active thrombin may mthrecdy relate to ics 
acQvadon of protein ta 'n a y C. 

The precise kignab generated by higb-ai£mty imciaction 
of tbroihhin wim its reoepior have been more di^culr to 
define. However, it ha« rcccwly been shown dwi DlP-aJpha- 
diTQmtnn stmmiaies a transienr increaae m iotraoellular 
CAMP. lb comrast to ion duxes and pb os phoin osiiide mm- 
ovcr. cAMP levels arc maximally sdmulatcd by DlP^pbar 
thrombin but are not stimul»ed by gamma^thrombin. 
Anempts m replace DlP-^pbtt-tmorobin widi cAMP ana- 
logs, nowever; have been uasucoessfui. Therefore^ it u 
posi^ that thromhsn recepmr occupancy produces aimmr 
bcr of M^nals in addition to changes in cAMP levels. 

One problem as50ciiiu;d with the clinical application of 
thrombin direcdy to achieve such benefits is iis susccptabil- 
i^ \Q protease inbiblwi sciom and-tbtombms- Such 
problems have heretofore prevented die use of dvombin in 
ibfi cUmc and has led the present invemors to ioenofy 
smaller tfarombm-aoive and ibrombia antagoiufitic polype]>- 
tides wh^cb are tkk scQainve to tbc i nhfbu o Ty ejects of 
ihM^mbin inhibdtors. 
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Tbe presem uivemion provideB for a mimbcr of msSkt 
polypqnldes wbjct) tiave l)cen cailoied w imeract viith the 
Uzrombin ipccptftr u> sdcc^vdjr >umuUse or ioXatni Uuom- 
bm rec^for occu|iancy rdaied signaltH Ii in bdkved diat 
ihcsepf^pcpi)dct» will prove to oe tufifUl in a \(l4e variciSy 
of clinical semogs *hert succinsdbl mar/cxy nqy bs zafiu- 
cacca by ibrooibiD icccpwmedisied tvm^ 

SUMMARY OF THE INVENTION 

Tt\c picscia. invczuion provKles a nombcr of ibiombiD 
denvanves and methods iu>eftil fbr stimalaang cell proUf- 
tiiatfQO ana prosmonng wound bea^g n» wdl as mctiioos 
useful in ishsbiUng wauod bcaUng, scar n«sue fbrmadon, 
fonnadan of lissue adbeatoas, and (uxnor mewsosis and 
angtogcncsid. Tlie invendon u based on (be discovery Ui» 
one may fonmilaze polypcpddc rhzQintHB derivaiivev, or 
dtcir puynologicaUy luocdona) tsquivaleitUi, wbicb sclcc- 
uvely Inhibit (he imczacdon of cbrombin wiib us bigb- 
aSniiy rscepiar ot which nninic the yinmlwnry effect of 
Ihzimibin. 

Accar4insly, The pmem mvmaoo, m most sener^ and 
ovciaU ^o^c, xcUici to sycttheac or naxurally derived 
polypepode Agonifiu and aniagnm'sis of throrxibm rcoepior 
rm-(jniTeri cvems- Both of Tbc^c classes of agents possess a 
ihrombui lecepur biocUn^ dooudn which ixKjuaes » segment 
of the polypeptide diai is c^^pahle of seleciivcly binding u 
die bi^-a^n^ry thionibiii tec&pior. Thi3 segxneai of the 
polypepode mchiiffi a seqaeooc of amino acids bomoilogous 
to a czrpepdde oeU binding domain of fibr i in e grin . 

in addidon to the rfarombio receptor bmduig dnmain, die 
$;[imiilaiory (agonistic) polypeptides possess a sequence of 
amino ands H^n$ st^urrtccs dE^«d ihun the N-;ermiru4 
amino acids of a dodocapepude jvcvioa^y shown to be 
highly conGcrved among serme proteases. However, the 
iiibib»Qi> polypeptides do acn indudc diese sainc esterase- 
conbcrved betjuences. 

The prescoK invesnon is dis cl osed in lerms of a sbowmg 
diai m the Frcmce of a non-mitosenic Cie» nonnsnmulaiory] 
ponceniTaaan of alpba-ihmmhiiu gamma^tbipmbini or 
FM A. die imcincdott bctweea somuJaiory polypeptides and 
ceU sur^ (hromtnn reoeptar^ provides the ceU with a 
signal m prolifexaic. However. m> prahfemnvc id^ai resolts 
wnen ccU surface diromlmi rcKptorb inseiract with die 
inhihircny polypeptides. )n«ead, the ceU« become more 
refractory lo subsequcm tccatmcnt with dn snmalatory 
polypcpddc)!. Iluit rcsoU U bebeved to occur bccaose die 
inhib^Tmy polypqpddcx, which am themselves mc^paUc of 
generating 4 pxohlcrativc si^, block bindmg of tte 
iatocy polypqxidefl. 

AS indicaied above, pmccice of the ocU-sdmaXamry meth- 
ods of the present invennon requires me {^sencse of a 
secondaty si^uL for eitan^. In the fam of non-rnQtogemc 
conctaiuanoi» of alpha-ihmmtnn. sfimmaptbmmbin, or 
fHA m order w supply the ocUa widi ibo low-al^miy 
pzoceolydc drav4ge si^oal. Accordingly, the inveniiosi pro- 
vides tor pnamaceutical conq9aKirion« and mediods to 
which these compounds have teen added. However, (ho&e of 
skiU ia the art wiU recognize that when die mvemion is 
pmcnced in vivo, native ^pba-thromcto endogenous to the 
host will typically be adequate to provide ibis secondary 
disnal. 

^ecanse thrombin is hivolved in a Tumber of bioiei^- 
tory cS&cv^ the present invcndon. wh^ ^Uows one to 
selecuvely pmmote and inhibit ihc«c offccu. has a number 
of cUnical appUcatiooji. For cit ?<mp1c , the invemicm provides 



4 

a number of polypepndes usefbl xn pr«m>otipg womtd heal* 
mg. Fte such gpplicaiiomt, the inventian pnmdfis a polypep- 
lide deiivanve of duombia (or a foncnonal equivalent of 
such a derivaiive) which has a thrombin receptor binding 
5 domain as wcU as adomazn widi a sexino esterase conserved 
sequence of bx least I2 amino acids. The inventioa also 
provides a polypeptide compound of at least 23 {j-aonno 
ados whi^ has boih a thrombin receptor mnmng domain 
and a domain widi a serine cstci?ise ccmscrvcd amino acid 

In <m embodiment, the invcndon provides for several 
polypeptides comaining specific amino acid sequences, such 
as apc^ypepnde cQm]»un4 in which dv dnombin rcc^r 
bindmg domain mdudes die L-amina acid sequence Arg- 
Gly-Ai^Ala togedier with die ttexinc esterase conserved 

' amino aod sequence. Asp-Al^Cys-Qlu-Gly-Asp-SctwCly- 
Gly-Pro-Pbe In a pn^erred embodunenti die polypep- 
tide compound inchides ibc L*amino add sequenca Ala- 
Gly-tV^£^s-P^o-Asp-Glu-Gly-X^5-AIg'Gly'A^AlarCy*• 
Qh*-Cly-Asp-Scr-<^y-Gly-Pto-Phc-ViJ. 

^ llic invennon also provides for a jAiarmaoeutscalcoQ^ 
sinon for ptomoung wouno hrdltng wmcn mcludes of a 
dterapeutirally c£Eccdve coocemration of any of die oom- 
ponnds described above combined widi a pharmaceuticaUy 
accepmnle csdpicnL Typcally. such cqmposinons include, 

^ fdrexan^ile^saSdomconcennationaofthcpolypcpudcsto 
cStci a stunulamry acdon on the ihrombm receptor as 
demonstrated herein. Tkm, such compositions sbould typi- 
cally include sndicieni concnmanons io obmin Icvds of die 
polypeptides in ibe wound area which are snown in vuro to 

w stimulate die receptor. When endogamus levels of a sec- 
ondary signal are b^ved to be inadequaic composidoas 
may be imiplaycd whl^ furdier tnrlitdft the art^iion of a 
thmpemicaUy c#ecdvc con cc otr a don of ailpha-tbrombiu or 
gamma-thromhin- 

3^ As used herein, a dier^qioudcally e^cave conccmracion 
is defined as a concemradon of the particular agent which 
provides a sacis&cioiy increase in the rate of woimd betding. 
Again, such eoncenirariooa are bdicvcd to coneapond to 
levels sullcicm m elUcii a snmnlariQn of the thrombin 

^ receptor in Wtro. However, it is beUeved itm the composi- 
U0Q5 will prove mos eSeciive when die sdmnlaury (ago- 
nisnc) polypeppdes arc prcscni at a concemrqdnn of &om 
ai uM to 10 uM. 

^ Rinhfimore* where alpha-thrombto a gamma-ihrombm 
are also ei^tiyed. conocairadans of from a 1 uM to 10 uM 
arc considered efecdve. However, empirical mcdiods as ate 
known in die art may be or^oyed far deurmiinhg more 
prcdsely die proper iherapcudc dose for a given compost* 

^ Hon admitdstered in a piimcular mannst 

In addidon, medMds are provideti which employ dimm- 
}n^ tfgamsa to promom wound healmg. Om such medu)d 
includes ^plyme lo the wound a dierapcoxicaUy effecdve 
amouni of a polypepnde derivative of dnomfain, or a physi- 
cs olopcally funcdoual cquivBlaai dtcxeof, which has bodi a 
tbrombm recepov-bmdmg dommn and a domam havmg a 
serine esterase conserved amino acid sequence ^ geoerid, 
dirambin is applied In amoum su&cieni lo achieve fibroUast 
sdmulatinn and thereby stimulate dssoe regenerauon. In that 

^ such DQethods lypically involve topical apj^icaiion va a 
wound* possible sytsremic toxicity is not believed to be a 
problem Thercfbic. virtually any concentraiian m^ be 
employod. However, m a prelerrvd cmbodirocoi, die wound 
is imated to achieve a range of approximately 1 ng/cm^-10 
ug/cm' of wound surfitce 

The inveodon fhnher provides a method for promoting 
wmnd he alin g in wbidi a thempcuticaUy effective amount 
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of alpbasbiombiQ (I ug/cm^-lO og/cm^ of woona su(^} 
or gawmwi-lJlrttabto CI as/cm^-lO ug/cm' of woui4 sur- 
face) is apidied to ihe woimd in cot^uncoon wiib th£ 
forogouig (tunmbin dexivanvcs. Of ooune, tlie specific 
polypepu4^ at>4 ppflffffirpntical composmofts pfonded t>> 5 
thcinveoaoanuQr slwbcascdinpromotiqj* wound bediog. 
I[ is believed T)i3(ilfe^nKfchodfiwm be c bcactidi4 
10 p3m«iu« involved ia kycto »ccidemv (pmteidarly bum 
ptoicnu), Co Uiw jiubj^ctcd w surgical psoccdwca ond lo 
diose widi poor wound beaUsg napop^, sucli a» aged «od id 
diiibfrir individudlv. 

Additional incibods an; provided for using Xbt duombiD 
recepwr inbiMuvy polypqntdei. For exaa^ple, jht m^remioo 
provides noethods whereby ticar um/t fortiuaion cao be 
isbibiwd bo odz^sicruig 10 ifae wound or fioor dssue. a 
(berapeuocaOy effccRve amou&i of a polypopodfi derivaove 
of ibiomblo^ or a pbysiologicaUy funqtcmid equlvalcm 
dieicof, which bas a diroxnbiD receptor binding domain bat 
does noi have a ticune etxernu; oosserved scQoenoe. IVp^*^ 
caUy. such coooenvaoona are adegiw whm su^am (o ^ 
ijihibU thrombin receptor n»;di«n?d events. In a prdbred 
eoipoduneni, amowKs ranging fmn \ ^g/cnv'-lO u^cm^ of 
wound :rtir1to arc considered ^ipropnaia. 

Is a prcfeiTca emhndimBnt. rfia polypepdde denvaove of 
iteoittbinba«ih»X--ttroinoaad«iQttcniTAiB-Ca 

In generpi these jnabods may be used in any ntuatuin 
wbezt ficarfiaripadoaisundesitabie.suchasoabumpaneo^ 
or those 8u)^'ccted to opthalmic Mrgciy, Moreover, ihe 
mcibods nay also ha of use «n preveming Iceloidal scar 3p 
fbrntarion. It is anrinpffftd that spraying the wound with an 
aerosol spray w^ be a parncularly sicxile and efficadous 
mannrr Of adminifircrine the polypeptide oompound lo the 
wounna of oum panexus. 

The inhnxlfofv polypepddeft should also prove ugeM in 3S 
inhibhinig the fonnadoo of tissue adhesions, deibed as 
abnormal anions between body organs by Itonatioo of 
6bF0Uji dssoc, U is known tnai ^broDlast proUfeiation Is 
required for fomiAUon of sudi 9dhesiam». Since alphi*- 
thmmhin is known vo induce fibroblast p roliferatio n^ it 40 
fallows ihat mhibmon of throrobin^ t ne diatwl miusgeneyis ciy 
the peptides Of the present invention could reduce adhesion 
formatton. It is believed that administradoo of such ishibi- 
tqty polypepddcs to die aurfacs of die aSiectod ozgans will 
pmve to be cspodaUy usc^U following cemdn nnglcal 4$ 
procenores, such as moracic surgery, wnerc guv ad p c sion s 
often lead to postopetadve compTirflnoDs. 

It is fiinher prt^sed tba; ibc inhibicary pepndes will 
prove in di£ treatment of mammal s with wmors to 
tfaenfbytnhll^t tumor meiasusis or fPgllogcnesis.lhis view so 
IS snpportedby studies denumstrBong that alpharthrommn is 
able to disrupt normal mter-endothebal cell contacts impor- 
rant in pravsuing metastasis, an well as studies dcoxmsirai^ 
ing dial alpha-thrombm can tndoce die proliferation of 
cnooduliUceUvrcquixed for angIo£cnesi&. Accordingly, the ss 
invcnnon provides a method whereby mammala with socb 
tumors receive a tberapeimcaUy eS^ve amount of a 
polypeptide derivative of thrombin, or a functional cquivar 
lent thereof which has atbromhmrec^tor bmoing domain 
but does not bavc a serine esterase c:pnserved sequence 60 
While exaa doses would need 10 be deiennined by empi- 
racal methods knpwn those sJciUed in the art, it is ctiCimaled 
dial an amount suffident to adneve a coacenuauon of &um 
0.1 uM to 10 uM at the ^te to be treated IS needed. Use of 
a polypeptide whtovin the chxombin bizxdtng dozxuun has an 65 
L-iiminp add sequence Arg-Gly-Aiip-AJ» is spcciecaJly 
providco. It is conicmplated that the polypeptiOes wUl he 
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most e$cadou» m thk regard when admimsicrcd intrave- 
nously. Howevez, Other meOiads of admimstmnon will also 
likely prove tip be etfiectivs. 

Id a most general embodiment, Use inveooon provides for 
the use of inhibitory polypeptides lO inhibit cell prohfera- 
lion, "niis mcdiod cncomparrtr^t bur U not litmted to. aim- 
mm in whicdi one desires 10 tnblbii cell proUferaiiofl in 
vitra Of course, the inhibiTory polypeptide, having a throm- 
hm binding domain widi the spcofic aeg u cn c e Arg-Gly- 
Asp-Ala, may also t>e used as a general inhibitor of eeU 
pmUf^rraiion. 

In snmher ^eral embodiment, tnp invendon comprises 
methods whcreio the stimulatoty polypeptides are u»ed to 
potendaie cell growth. Apolyp^de including the sequence 
Ala^ly-TV>I^s-Pio-Ay-au-Gly-l^jrATg-<B> -Asp-Ahi- 
Qya-Glu-Cly-Asp-Ser-Oly-Cly-Pto-Phe-Val is specifically 
pzbvzdcd. Tm method encompasses, bnt is not limited to, 
situations wherein ddb wi^es to potentiate ceU growth In 
vitro. Such cell-atimularory uses may be poientiaied by 
(inxherpmviding an ci^bcnve amount of alpharihrombin (Cll 
ue/kH-IQ u£/m)}r gammarthrtmibin COi 1 ugmd-lO ugmdJ 
phorbol nmistaie acetate (10 og/mfr-lOO ngonl) in coQpmc^ 
tioo with me stimulaioty pdypeptide. 



GLOSSARY 

For purposes of the present invention, a thrombin deitvar 
tivB i& defined as any molecule vatb an amino add sequence 
derived at least in pan from that of thrombin, wheiber 
vyothesized in vivo or in vitro. Accordingly^ a drrombin 
derivative, as referred to herein^ desigoates a p^ypeptide 
molecule wtncb comprises fewer amino adds than ibromr 
Ihn. 

A physinlagically ^ctaona) equivalent of a tbmmbm 
dcrivanve cncon^Bsses mnlmilra which diSicr ton throm- 
bin derivatives m partzcglars which do not aS'ect the function 
of the dnomhin recepuir bmdmg domain or the serine 
esterase conserved amino add Bcquence. Such pardculars 
mAy include, but ine not limited io,conscrvadve ammo add 
suosnmrtoni and modiftcanons, for exampW, qmidatlon of 
the cazboxyl tc rmrn iia, aceiylatzon of me amii»o mnmnus. 
coiQugation of die p<dyp^nds to a physiologtoaUy inert 
carrier molecule, or seqoence alteradom m accivdance with 
it^ scrrue cittcxasg conserved seqo&nces. 

A thrombia receptor binding domain is defined as a 
polypepdoe scqgcnoc which (tirecUy binds to the tbrombm 
reeepua- and/or compcntivcly mlabiv binding between 
bigtHiSnity ihromibia reccptuxs and a]ph»4unmfaui. 

A domain having a serine ctfcerase conserved sequence 
comprises a polypeptide sequence contamir^ tU least 4-12 
of die N-ttfminal axmno aads of the dodccapepr^ pievi- 
oasly shown to be hij^ily conserved among seqrioe proteases 
CA^Xx-Cys-Xa-Gy-Asp'Scr-Gly-ClyPro-Xj-va); 
wherem X, is eidier Ala or Sa, 3^ is ehbcr Gid or Oin; and 
is either Phe. Met, Leu. His, or m 

A stimulatory polypi^tide is dehned as a polypeptide 
donvanve of dirombtn, or a pbysiolpgically functumal 
equivalent thereof, having the ability 10 both bind to and 
Biimulmc tbc throoibin rcccptm: Therefore, the stimulatory 
peptides win indude both a dnombin receprar trindmg 
domain and a domain with a serine esterase conserved 
ammo and sequence. 

An inh^nmry pt^ypcpttdc is defined as a polypeptide 
derivative of dirombin. or a physiologically fiuienoiuil 
cqaiv:dait xttmot, hnving a tbrombm receptor bindang 
tiomsin but widiom a serine cHcratf conserved aTrrino acid 
sequence. 
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FIG, OA-ID Compoief as&iswd8n3lysuofa«lIy*opar 
1})y, solubHiiy. 4o4 prcqired xcaatinsy suoccuie for zcsidues 
489 548 of buinan proihn3jnl>iT». FIO. lA, hytopsilly 
|iro«fti FIG. wiaWliTy pjofijc; PJG. IC. pi«Jicteci 
tendency for dcadlik mm; FIG. ID, jttttoed Tcndcapy for 

FIGS. 2A-2C 'nuee-disttosumal re|kfds^maaon of X-iay 
crysaJtotn^ptuc da» of cyp«ui v^ilb the ftillowmg FRO- 
TCUS compmer-assUied spbscuuuans of ibromMih^mfic 
ressdaes: Qlyi^ l^s; l^Siss Ai;; Ser^^o Ala; C1i),<ki Oiu; 
UK} Vali9:9 Plii: i) «bawu in FIGS, 2A and 20. f^GS. 2B add 
2C sHow only ihe iteet: aoive sjie tesjdues (Hiv?. A^pj^. 
Serxo^an4xesic|ues 183 to Wofaypainstwore located In 
Ch« ItoTnOilosouA ivgipu <)& tbrombin'i^ residues SIC S3a 
*nwssc pejmde* are Qriancd m ihf ««nfi posidoo as in d» 
nwtfd roodd in FIQ 2a and 2D. 

HQ. 3. InmbiiioD of [^^l|*alpha-ifarE»nbm Iwndaig lo 
mou>« dstvyo CM£) cells t>y ttynlbetic peptide p50a-53O. 
specific bmdmg of 0.3 oM [^^qHapbft-ibrombui lo ME 
ceU» in Ibc prcwnoe of the indicau>d conccmradtm of 
pe{»ide was ntcasurpd ss dascnDed m ibe desoipdoQ of oie 
pFcficirod ccobadimcn&i. 

nG.4EffcCTofpS08-530cin[^'daynudmcincoipQia- » 
(too alone or m conmmanon wUb low concewradons of 
alptia-Uinimbin. Qoicaccm scnjm*&cc culnncs of (FIG. 
4A) or NIL (a bamsier fibzoblasi cell FIG. 4B) wot 
ueaicd wilb Uic indicted conconualioaa of pS0S-S30 alone 
CO>ormcombumoowufi<xmcemTauQasofalpbaMbrocnl^ ^ 
wbich ^ave ^ppnucixnady one itnrd of ibc maximal 
itsponse, 2 nM for MS cdU (FIG, 4AJ and 4 for NIL 
cells (FIG. 4B), [^diymidine incorpoiauoa was dcw- 
nusfid after 24 iKuira aa descnbed In tb» daacnpuon of dse 
prc&rred embodimenis. 

FIG. 5 ESecr of p508-530 on ['Hl-drynndrae incorpoia- 
oon in ponibmadon widi FMa. Qoiflicent cuharw of NIL 
cells were incnhan^ wilb pS08-530 »lonc (0) Or in wmU- 
nadon widi 23 og^xsl FMa. [^HH^ym^v inooiporadon 
was ddcnninod a« described In the dcscppdon of Tbc ^ 
preferred onbodunema. 

FIG. ^ Compazison bawcen effbcu of pcpodea on Uuoscp 
bm-siimaUied tbytm4iA£ locorporauon, Qw««cesi cuUnrev 
of NIL cdU WOT incubaicd wiib jncxeasmg oonccmradons 
of pS08-230. pSl9-m or p517'^ m Ibe presence of I nM 
ali&arihiocnbin Cd maxsuudly nniogadc cwemsaoa). 

are cx|ttes3«d-fof eacb amcenira^ 
ito e^i of alp&a-tbfDmbin aloD&. 

FIG. 7 Effixi of p517-S20 on Uuomlw siunwlftdoo of 55 
pHt-diynndme mcorporadon- Quicaceni calturoa of ME 
co^ti wc^ incQbaied widi inoeaslns c on ccng adonx of 
aSptia-ibfcnnbin alooe, or m combioadoa widi 625 nM 
pS 17-520. [^]-diyniidme inootpoisdon waa de^eixwod aa 
described in i& dcscripnoo of ibc pxcierred cntboftirnmra 55 

DETAlLeD OESCRIPnON OF THE 
BMBGDIMeNTS 

Tbrombm* a molecule once oonsidmd imponaot only in 
ihe comext of Uood F oagiih iT t on , U now abown to mcdiaic £o 
a number of poEcm biological edecis not diiacdy relaxed w 
ooaguladon. Many of ibese citecT& art due, ar lca»l in pair, 
10 signals gemlwfid by u« mwtmion bewecn dmmto 
dirombw-lilQe molecules and die taigb-affisuy dxxombin 
rmpion presem on ibe snitace of many ceUa. 6s 

Smda^ performed in com^eoicm wiA dis present inven- 
con suggested ibai sdccdve rcguiadon of Uiroinbin-mcdi- 
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ated evemsm^be acineved ditausl) die fionnuladoo aod 
^yndiasis of pdypepddcs »pcciSci£y dcsii^ntid m either 
nmmcorinlubit«ucbovaits Development of small pioiease 
imubimr resistant padypepadss capable of perfomxiqg ihese 
Amcdm waa pmucidarly de&irable m view of the susoep- 
ubiHty of thrombin 10 prDtcolync enzyme tnh^lmrs, soch as 
snddvomtFin. 

A number of peptides based on tnc aeqnmrc of human 
pFOUnambm were SynthcSisccd wd tcatcd for dteir al^liiy to 
bind m the receptor and to geneiate proUfeiadVB signals, T\sr 
choice of peptides focused on die amino ac^ sequence of tbc 
of duomDio axtnmd iis active sut serine. TItas region 
coniams a dmnam (represented by residues 517-520 of 
human produotnhin] widi a sequence homologous to dte 
tripcptide cell bindmg don^ of fibFonecan, [Aiig-Gly' 
A^]. This nipepude sequence is common m a number of 
pnndns dtatmay intcran with cells (reviewed by Rouslahu 
and Pcirschbadwr. Cell 44:517-538 (1985J). Moreover, u 
has been shown diat a pepdue Tcpiesentmg 517-S^ of 
human pioihron^ (pSl7 -52(1} and peptides lei^rKenting 
316-322 and 310-S26 Of twman pnwomoin (pi3io-322 ana 
p5lO-526, re^pemvelyj w able to promope lilKoblajsi 
aiiachmenr comparable to that induced by fitsronecdo-spe- 
cifle peptides. 

The selected region also possesses 3 domaio (reptesenied 
by residues 519-530 of human prodtrombin) widi a higb 
decree of homolosy to a number of aciiix ctftcmactt. 

Tbc pre&ont invcnzon have discovered thai a qyndicuc 
pepdde contsinu^ bodi Ixbronectin- and seiine pnnease- 
homologpus donqins (readoes 508 m S3D of human pro- 
throng) binds lodiromblorecqicotb with ht£ib-a$ni^ and 
subsnu^es for DlP^alpba-dizQmlHn as an Inmaw of tec^Kor 
occupancyxndated mftogenic signals, ta contiast, a ^yndiedc 
peptide cootaimng only die Qbronectm-homolQgous domain 
(p5 17-5TO binds to ibe dwomto recepwr wiUiow induciug 
miiogencsis. An intermediate pepdde (p3l^530) zeiains die 
abiliiy to mediate mimgenesis bat to a much lesser degree 
dianp508^53O. 

EXAMPLEl 

Selection of Domains of ifoman AlpharThmmbin 
Xttvdlved in Binding of ThrtHzibin to Its High 
Affinity Receptor 

lb help selea pepdde sequences ttsai mighi be involved in 
iccepwt binoing, oompwcr analysis was used to predict die 
ovemll hydtopathy, soluhilily, and ftccondary suucmta) fca* 
iure« for the 60 amirto acid nfsidues iuound die active sste 
setine of alpha-ttuombin based on die sequence of human 
prodsombin (Degcn ei aU Biocbem., 22:2087-2097 
11983}). AS Shown In FlGS. 1a and IB. this re^on appeats 
m be highly hyorc^ic and solubie, e^tedally near the 
region that is bonu^gous to fibronecun's ceU aoachmem 
domafn, residues 517 to 520. An^ysls of seoandaiy struc- 
tural fbamzea inflicarfd dial die region of dnombin tarn 
re^aucs 511 m 526 has a strong tendency for bemg a dexible 
mrp region *idt very Hale tendency Towards rid)tr alpha- 
ttchcal or oeta^cet strucmics d^GS. IC and ID}. Thkcn 
[qgeiho; the vaiious computcr-aasisied analyses stnmgly 
suggest diat dns region of dirombm should be exiemally 
accessible and, dier^are. available fm' interaction wids the 
thiomNn ecU surface lecepmr. Mmeover. the region of 
thrombin homologous to die cell aoachmcm domain of 
fibtonaetin i^t located at or very near die middle of duK 
hydrophiUe Bexlhle rum of thTt>m W n- 
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Usmg Hit itocc fliTnwuinnaJ x-raj crysiallosnipbic da^v 
tor u>iww (MBjqwan « al.. Acia. C>y*Mik«r, 39-^0 
(1983)) . and inftidn^ ^pproprimeanrUto acid mtomuooos \o 
icflea tjie duombm seqaeoce wDuad the active- wic ticrtcc 
pargos of oypsw, cDmputer grapbic aoalysU pediciea As 5 
ic»dui» 510 10 530 of mnnnbm an: Ux:»lc4 
of ;hc pocUi mai leads u) i2ie active sice deft CFIC. 2). bi 
agraemaiu wiit) (be py o di c ft oito of scoindary vtmcrme ditr- 
cua»cd iibove, amino acid jesidaei 517 lo 520 of tbrombm 
Qfc locaiod B( the ouier xaani comer of ilns regtoo of die 10 
proposed nypsin/Ouomtun snucwe. Hius, U appealed zear 
sooat>]e iIm u^iion of ^uombxn could be involved ia 
b inrting (o iu> n:cc|Jior. 

Symbe^of PcpfuJca 

Pepdocii ^at sy mhesiycd by vbe sc^-p]ws metbod 
CEn<*»oft ftwJ Meniflela, 17^ Fimms, 2:255-257, 
using nuumiaDC ii^nuroentataoo (Applied Bio^itiemv Pep- 
^dc S>H|hc«iwModei43QA>A(jdpwmeat>> HPljC(|Joc|c- 
num) oa a CMS cohuxm duEcd wixh a Uscar ncciomuUe 
gradjcw ooTnatTBTig 0J% CvA}TFA (pifluoyoacede acidl. 

EXAMPU3 ^ 

DetDon^nauQO thai tbe Thrombin P^vanves 
SalecsivGly Bind lo die Kigb-Affiiwy Throrobip 

Rcccpiof ^ 

TOs cxaznplc dcmcwwiraics thzi die pepdde^ of ihc 
preseoE invcxuioo arc able w selectively bmd w ibe Jugt>- 
affimiy inn>Q)bin rcccpiorb prescoc on itie sori^oes of many 
ceU lypca. In ibe pseseni rmtHtdiTDBM, du» acnviiy *as 
demowttied by sbowxng itia; die pcpiidcs of ^pfe$cn; js 
invemion compeopvcly lohioitod tanmag of [^"Q-wlpbar 
ttvombm (o duombiti reccpm^ prcaem on ;i»o scravu of 
eiduired f^brpbiastfi. AccoriUngSy, die specific Tecbmqoes 
dcacnbed below rBpreseo; the bet>i mode for deauuiairajin^ 
Uus scdviiy Jmown (o die invemors at the presew dntc> 40 

a. Culwe of plbrebhau Having Higfa-ASnity Hmmbm 
Reeepionj 

AS stated above, fibroblat»ca derived fnm v»to souices 
»ere oiied co demonsiraie Innaixis of (be peptides of lb« 
preiieRt iavcnlian to hi$hnafiSmty ibrambm receptors, Tlicae 45 
eel) Uaes Mtexc prepared aa fbUowS' 

Primary culmres of ^iMoblaatA wcxc prepared from 9- 10 
13-day old cmbtyw of NIH-sw* outbred mice as dcscnbed 
by Carney awl Cunmn«baro. Ct^Ik 15:1341-1349, (WSJ. 
raLcen»taoestab!lsbed siraiQDfhamNrrtlbrobUisis^were 5o 
pwimainrrf ab stock cultures and subcultured every fodr 
days. AU colls >vsrs grown in Dulbecco-Vogt modified 
Eaglp'a (DV) medium ai^emem^ widi lOft (Wv) boviiiB 
calf seiun {CSu in a bumu&fied aiznoapbeic of S% COz m 
air ai 37» C ss 

Quiescent cuttmes woe prepared by aubculuring sioclc 
eedls {torn 100 mm disbes, osins 0-05% (w/vj tryp«m aod 
002% HDTa Wv) in pbosptoe-bufoed saline (PBSj and 
pladng tbem m 24-weU culture plaiea in PV medntm supple- 
mented ^tfiOi 109> (,v/v) CS St 6x10* ccUa/cm^. After aUow- 60 
ing ibe cclf » to attach overmj^ht, di« medium was zemovcd 
and d)e cella were linsed wUb PV medium comaimug tm 
«enuD. The cells woe incutxued in ibis ACTum-&ec medium 
ttir4& hours before ibe iiv^ca^ed experln»it». Hiia proot»- 
dure lias been ^owo to provide oonpniUfBratu^popuIaimns 65 
of mouse and NXt cdU duff are 90-95% arrested at die 
G|/Gp oeU cycle inte;riE^e. 
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b. Assay for Nfeasoremeni of Specific Binding of Throm- 
bin and Tbrombm Dcxivaiives to the Cell Surface 
Tbrombio Acccpmr 

As loatod above. In ibe present embodimem, thrombin 
receptor specific binding activity of the tbromtau Oetivadves 
was tnaaautad a« a (wpAm of ikdir abfUty co oompetiiively 
inhibit bindiug between native [^^-chrombin and the 
thrambm receptor Specific Tcrhnfq ii r^ whereby the com- 
petitive binding sradtcs wete pafbnneq ait bet ont below. 

Human alpha-tbrombin was iodixiated in dte presence of 
benzanddino (an acuve-sitp compcdtive inhibitor), lactop- 
croxidase, and Nal^^*^. After gel filtration and ^alysi*, the 
[*"H-alpba-Uaombm had a specific activity of 1 to Sxitr' 
CPM^kfg and co-mi5nA»d with unlabeled a]{tothrombui as 
a single hand on sodium dodccyl sul&ie (SDS) polyacryla- 
pnde gels. These lodinated prepamiions rc i a i n cd uppro»- 
tnaiely 80% of ihnr fibnnogen domng activity. 

The ability of the synthetic petmdes to cou^kk for 
specific t^^Q-alpbtKhrombm binding to fibroblajits was 
fflfiasnred on nonproliflBnung, miiogcnicaUy reeipansivc cail- 
tures m 24 weill ptatcs (Falcon) ac a ccU dam^ of ^iproxi- 
maidy 5x1 0* ccllti/cm^ » previously described (Carney and 
Cunningham, CelL 15:1341-1349 (197S)X Hie medium on 
the cells was changed to binding medium (senim-&ee DV 
medium coni^ning 0^% (w/v) bovine scrum albumin buff- 
ered with 15 mM HEPeS at pH 70). The cells were 
equilibrated at 23" C for 30 ratnutca, and the medium was 
chat^ged to binding mcdiinn comaining [I^^I]-3lpb^throm- 
bin (10 ng/knl) with the inffirated concentranons of die 
pc^ptides. After 2 boors at C, the assay was termmated 
by qoickly rinsng (he ccU& four limes icenoold PBS. 
The cells wore dissolved in I ml of 0,5N NaOH and the totdd 
radioacuvuy was measured u&mg a Bedunan gamma 
counter; Nonspecific binding was measured as die ladioac- 
nvity bound to cnlmns after inciiba4oin In Undiag mc^um 
cooCidnittg a lOO-fold excess of uolabded alphariuzorabin. 
Specific hindhig was calculated by subtraoing nonspecific 
hindiog from total t^OiQacQvity bound to culnircs, 

c. Thrombin lading Activity of Selected Thrombin 
Derivadves 

In order to demoosirate the throminn roeepcor bindios 
activity of the polypeptides of die presem inventiosi, the 
peptides byndicsized as described m Example 1 >»eie tested 
^r thmmhm leccptor activity using the assay iQrstem 
described irnrru^iamly aboveb 

More specifically, m Order to demonstrate that p509-530 
bound to thmmbin recepton, conflucm cultures of ^4E crUs 
were inniharflri with 0.3 tM [^^H^pbaptfatomhm and con- 
cemrauons of pSOa-SaO ranging 60m S to 4000 nM for 90 
minutes at 23'' C As shown in FIO. 3. p50B-S30 competed 
for 30% to 70% of die specific binding of [^^IJ-alpha- 
^omMn to M£ cellq. Scatchard analysis the direct 
fadndmg of [^^labelfid p508-530 indicated a Ko of 
^iprojdmately 6xlO^M (data m shown). In addition, the 
specific binding of I*"l]-pS08-530 m ME cells could be 
<Ssjdaced by both nicess pS0S-S3O or excess human alphar 
throtnbuL Thus, it ^ipears ihar the competidon of p50S-530 
for ['^-alpha-tbrcuobm binding iqxcscms the binding of 
pS0$-530 10 the same sttcs as ulfto-ihrombin, but wtth an 
alSmty appcootunately one oroer of magnimde lower: 

Ptmhcnnorei in 0^ 10 show the binding and 
mimgc^c aci)vity of pSQ8-530 was specific, two synthetic 
pepudes with puyacal propcniea similar to p508-530 but no 
sequence homology m human alpnu'^hiombin were ccsted 
for their binding piopenies. Bodi of iUcac^ peptides [one wim 
12 amhio acids (33% hydrophobic lesiduas and a net chaisr 

^ J and g second with 18 amino acids (39% hydrophrter 
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nesidUM OKi a oei cbatgc of 0)] inhitalcd biodiag of 
-iUpbH-ttsrombin less Uian 5% ai concoursuoos up jo SoM. 

lb ffmber idemily irgioRs of thrumts^a iDvolvc4 In bigh- 
o^sity bmdm^ asd gfiperaaotx of muogouc «ignid», twu 
pcpades xepresamns tpe ritir domauu wiijiixi pS08-S30 s 
were lesced- TV first pepgde jvpiesemed reaodues 519 
530 of tho iiegioo of human pnnbnimbia, a ngion 

of tbrombm ibai is Uigbly coQservea arrmng senne proteases. 
Thp second peptide ivpn;«eaicd ic^ucti 517 to 520 of 
prcKbTontfata, a re^on of duombio Itomologous lo dzc lo 
fihroDfiCon qs^ hading doniain. 

3oib of diose pepodes wete able lo ccmipcic for 30% w 
50% of ibe Mm of ['^i^alpba^dtfombm to ME cells, but 
bocb ftquirnl lusher (;oiiocni:ratiao& (ban was requuea wub 
tbe imual pepnde pS0^530 (T^ 1). B(x example, 30% is 
lalWiloo of ['^-Hlpbirthrombm bjndn^ rcqoired 33- (o 
50-fpld bigber coDcemiauons of pSl 9-530 and p5p-*320 
than p508-S30. ic^)ecavc]y. Urns, boib of Tbc&c peptides 
appear u> iiuem widi xbjorobm lec^^ora, bat a( a lower 
aSmiy diaop50&-53QL AecaosepS 17-520 IS bqrmologoas 10 to 
[he fibroDccua eeU binding domain, a pqmde Usv}s\g ihe 
sequence Ais-Gb^Ala-Sp- (Oic sequence of ibe fibmnecdn 
speciSc pepi^ i^ati al«o icsud for iui abilio k> co mpcic for 
['^-alpha-tbniinbm buduig. Ai a eoocemraiumof 1,3 uM. 
ihu peptide did aoi corapcic witb ['^Il-alpbiHduoiQbia 25 
binding- Tbns, me rrcepior for alpbiHfanmibin in not the 
same membrane pzuccin tm speofically infttacrs wi;b 
fibrooecon aod paubcs jhc npymcm gnswU) p^omonDg acuoo 

fibro ne ctin. In addiuoQ* titeso lesulpt dem^sintfc ihe 
reqoiremem for iUionne wldiin du Usombli) reeepior bind- so 
log doznass, since sobaumnoa of alanine witb serine etimi- 
naied ibc abiUiy of ibe ^yi»be(ic peptide to compcic for 
alpiba^tbroinbii) ^nnding. 
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Various ccmcengadons of pepodcs sod ['^^Q-alpba-Uirom- 
bin (I nM) woe incubawd wub qniescem MB cells for so 
minunss ai 23** C Specific binding or [^^Q-alpba-inrambin 
was de^ed as descitbed 10 Bxmfie 3. 



eXAMPtE4 

S riim i lBri on of PNA Syflzbt:»8 by Selected 
Tlnomtdn IMvadves 

Tblft example demonsuaic& ibai banding toecweesi somu- 
laiozy (agom^) polypcpddes ttnd ibrombm nurepiont gen- ao 
eiwea a reeepcor omipancy Agnal wMcii mduces DNA 
s>nibcsis and cell division- In ibe pmseni embodiment. PNA 
synibesis and cdl praUfcradon was measured as a func&oo 
of f*H) fbymidme upinlcc by coimzpd fibroblasu exposed to 
selected polypspddes io tbe presecoc of noo-nxiu^gemc ts 
cQocesnaDOns of alpha^dnombin or FMA- Alibongb ibe in 
vuro iecluu4ue» descubcd below lepresem die bcsi mode for 



demonsinuing ibc siunulawiy acoviiy of die selecied 
polypepiidet&. ibotie sldlled in the an will appreciate thai the 
prmci^ demonstrated m the in vitro system described 
immodiaxely 5elow aie alt^o applicable in viva 

a. T^cbmques tor Mtastfring ONa Symhesia 

Tbe eSeos of die synthetic pcj^ides on PNA symbei^s 
were determined by measuAng the incorpomdon of methyl- 
pHJ-thymidmc (TdR. XCN Fbanoaceutjcals, Irvine. Calif.) 
dunng a 2 hour iocubaiioii generally Item 22 bom ato 
addition of peptides and/or tbrombm (Stiembetg ei ^« / 
CifU Pf^^siol, )20:20S»-285 (19841), After incubacion, tbe 
cdls were cx ir a a ed and rinsed wim ice-cold lO^ (w^) 
tnchloroacettc acid CTCA). Tt^ add pttdihtable matcxial 
was duisolvcd ovemigbi in 0.5 ml 03 N KOH at aa"" C HCl 
(1 N). Ol2S ml* was added and the solution was cotmted in 
10 ml of RcdiSdv-HPb (Beclanan lostnimems, Houston, 
Ibt.) nrinriUntifin ftuxd. 

b. MuQgenxc Acciviiy of Selected Tbromlnn Penvauves 
Ea^ of tbe Thrombin derivatives symbesized was tested 

for mitogemc activity as were ibc two naxMbiombin pcp- 
tfaes desofbed 10 &cample 3CC) llie results of these expeti- 
fzieaCU are 4at«nb«4 b«low. 

The pitsem investors first tested the abOi^ of pSOS-530 
to idunulate PNA symbesia io ocn-ptobfenmng cultures of 
ME or NIL cell*, as shown in FIG. 4. pS08-S3O, ^ iwclt. 
was not sufficient to sdmulaie ['HJ-il^mufine mcarporadon 
into PNA, However, in pnirtftinarfmi with 2 nM alpha- 
tbromten, 0.1 uM p50S-53O sdmulated a 6- tir greater than 
2-|bld increase in incotporadon of [^H}-thymidinc inui PNA 
In M£ cells when compared lo paraUel colmies left 
untreaied or treated with alpba-tbrombin alone, respectively 
(FIO 4A)* A similar mltogenic stimulation wa« also 
observed m NIL b4nisier ccIIa. alduugb u required a sHgln;l> 
higher ooncemratian of tbrombin and peptides CPIO. 4Bj. 
Tbe responses in boiti ct^ types were eonivaileni to die 
roitogcnic response siimolazed by a manmally eSecuve 
coQCfinoanon of atpba-tfarombin (10 nM). It is noteworthy 
diat for MB cells, smmdaiioa by p50g-530 was observed 
berweeo 123 nM and 100 nM CPld 4A>, conceniraiionsdm 
conespoad closely with mose required to tnhibiT l**'^- 
alpha-thrombin binding to ME ccU& (BQ. 3). With NIL 
cells. a wrollar conciaiun was observftd betw^een tbe miw- 
gcnic cancemraaons of p508-530 and the concemranops 
required to inbibii ibnnnbin bindinig, aUbmi^ at higher 
levels man required with ME edU. 

Alibougb (bese results suggest that p50S-530 generates 
mitogenic signals tbmugb its interaction with niglKiffinlty 
mnnnlnn nccpiors, it was possible tba( tbe peptide merely 
iocrtased the cfiecdve ooiu:emraiion of a^fsba^tfansxsibin- 
Hf cently, phorbol mymtatc acetate (PMA) has been shown 
ro ndmic ^ eSects of gamtna-ihrombln and siimolaie PNA 
synibe&is and cell prqb&raoon in crnnbtnation with PIP- 
^pharfhrombin or with monoclonal antibodies 10 the throm- 
bin reccfwor. It waa prcdscxed* therefore, that if pS0S-S30 
was generating a receptor occiipancy^eteted signal* its ^ukU- 
don 10 c^ in eombinaTian widi {%iA should Kimnlntr 
nniQgenesis. As shown in FlO. S. in ibe presence of 35 ng/knt 
PMA (»hicb is a non-muogeme amount), pS08-530 snmu- 
laxea a 3.5-|iQ(ld increase in PNA synthesis over controls^ 
Tina stimniadon occuned ai appmxiniatdy die same con- 
ccntiation of peptide as tbai required to snmolate DNA 
synthesis in the presence of low cancemraticns of alj^- 
tbrambm. Since activo duombm was not present in these 
experiments, it would appear thai pS0S^30 itself generates 
a miuigcnic signal thai mimics the effect of PfZF- or alpba- 
tbrominn bmdmg to higb-alfiuty thromtno reccpion. 

In order m ensure that tbe stimulation of I>NA synthesis 
by pS0g-5$0 was mediated Vy virtue of iut aUli^ to Interact 
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ibmaibm, noo-tcccpwir b'ndin g jx^pcpudcs described in 
Example 3(rt wot iwted for miwgcnic ftcoviiy, Ne«her of 

cxvx of 1 alp^-xhromtiia Tbus. ndiha ibe bimfing ^ 
acDvjiy DOf U» rowogow acDvUy of p508-33O U 4iifi u> 
non-spccitU: ujtcwcTion of ibc polypcpUdc w«h ihe celte. 

Hir invemore Utsn leaicd tic mUoj^enic acov>i> of (be 
npia nrr ibioiDbm derivauve*, pS19-530 and pS)7-S20. Ay 

CO (be bigb-ASni^ ibnunbin n^pioc. la (heac expemnems, 
tncrrasing cQQcemxBaoD« of p5] 9-530 aod pSl 7-520 weie 
Qdded w qu|c«c«nc NIL celb in Tlifi pieseace of 2 aid 4 ^ 
alpba-ihrombm. M abown i» FIG. 6, p5l9 en hgn ce d »NA 
8yflihesUoveT4WSCof<»noemntfiofl9«1ulep5l7-S20du^ i5 
not In &CU p517-520 BaaaU> inbilnwd DNA iymlicsis. 



BXAMPLE5 

iQbiWon of ThroiKibiti-Kecepwr Mediatpd 
Mno£cnc5i» by pS17-520 



20 



TTic observ^oon im p5l7-S20 inhibiis alpba^ituomlnn 
siimulaied imiQa^neftis was itomcwh4 ifcanliAfi in view of 
prtvioiw swdics dcinowirains ilai roiwficmc »id irans- 
Dtexjibranc nsnaling eSocts of duooAui were nor hihfbiTr d 
by PlP-alplid-dinnnbm, s (Inromto denvaove wb;co com- 
peics for apxve alpbaHtuombm hiinlmg. Hsuk, ibfi mveinors 
xeaHzed d)si pSp-Sia wbich u uble w compete w^m nadv^ 
alpbt»^(}vOfnbin for lundmg lo bjgb-atfioiiy cell 
dtrombiQ reoeptozs, bm ib imahlr lo geaei^ die nuiiogciiic 
TrCiTpior occupazicy «i£Qal, |ui» propwpw noi previooKly 
VnowQ in die an. 

Id enter to explain die mcctumism by w^ch p5l7-S2D 
was aUe JO Intohit dzmzcbm-nicdxaced nupgenesMi ibe 35 
invenvcs mcasiur^ dx utnUiy of locreasiiig CDnoengadaas 
of atpha-QsOmbtn 10 fiiimulaie DNA symbesls in ailTuir« 10 
ttbicb a covucaoi concoiimion (6^ nM> of pS17-52a bad 
bcsrn added C^G. 7}. Tbeae axpcxuncnc^ slunvtsd d»i p517- 
520 sigsi£caody Kbiftod tbc doaOTSpoose curve of ;be catla 40 
10 alpba^Ovaiatoi. For example, « two eonceodanans of 
BipUa^arobin, 0-8 and 13^ nM, PNA »ymi»:aR wiw 
xnlttbned by appjojoroaidy 75% and 35%, refpccn\ia>. 
Ttmi, tbfi inbibmon of a^ih&rdvoinbin sEuAidation by p5l7- 
SSOappoan 10 n»imr<: a 500-1000 told iniAat excess of die 45 
peptide- Tins 6ndms is const wfpt wiib die obsicrvatiOQ tbac 
p517-^20 baa a U)wcr coinpcciuve binding aiOiuiy for dix^ 
bin recepiors op MP cells ttsan docs pS08-S30 

Tbs idcnoflcanon of p5l7-530 as a» btgb^aSoffy bmmng 
donuon of dinnnbin has ticva^ io^lipauons aa (o div ^ 
mecbaw«mof diromlnn miwgflnfisi^ Pr«vloiw awdics have 
dcnujusomcd pcowtHyuc cleavage and disappearance of s 
nudecule on \i» vuifacc of cmck embryo cello nmud vodx 
dffombin. Croi^-bnlcin^ studies widi acdve or inactive 
duoinbm tiave aUo identified two diiimUly sized reccjm- » 
molecules or sobsinticti* T\vc jatvm mulu abow dtac d;e 
bigb-a^niiy bonding domain of duombin ia voy do»e u> d)e 
acdve-siie Ml, Uiu«, ii should be possftle for duondun 10 
ckav«3 its receprar. Prelinunary dam ^om aSmxy puiifica- 
uonofdicibn^mbinrficepTorsuppanaUichypoito fio 
TBC^fior Hself ia pnneoly ticaUy clesived by acuve lorombSn. 
Ji is po$s^ d)a» dsombin zeccptor ooci^iancy may sdmu- 
late an alieindon in recqn^con{nniiaii0n Qccevtt^ 
deavawe evcm. Tlic pirscni ittuUv su^gosi (bat pepvdca 
piS0S*S30, pS;g-530 or olpba-dviimbin itttOf ace capabte of «$ 
li^H^ to tbe dvDxiibin Tecepror in a Tn4nner wbi^ 
sucn confinnadooal cbanges. In oonaasu p3 17-520 appe»pi 



JO be capable only of binding to tbe tecepioc Tbus. pS17-520 
«4ccuvely inbibrn tbxombin receptar-zncdiaicd evetua by 
vimK of its ability u selocuvely miecnci wid: dirombta 
R:ccptQc« in a manner wbich provides die cell wid; a null 
signal* 

EXAMPLES 

Use of Swimlaiory Pepddeti to Potentiate Cell 
Qrowcb In Vino 

A nomber of experimemal and diagnosdc pmeduxes 
oQuite celU ^rown m vitro. Becaose i£e siimuiatocy pcp- 
ndes enhance prolifbiaTioo Of dbtcbUinie cells beanng Yugb* 
alSnuy ifaioinbin r&ceptois, the inmporsiian of suet stunu* 
lacory molecules into the culnmr mednim will provide an 
eSecdve means of potcntiadns cdl growth In addnion, 
bscquse ibionibui stimulates proUfer^on of other cella. 
including endod»Ual cells, These peptides may be effecnve 
in promoting growth of <i number types of ccUs. Use of 
the syndieac polypcpddco w growth sup{4ement& has a 
numiber of ftdvanrnses- U u nmcb lou ojcpcs^vo to qyiuho- 
size d» polypeptides than its ia to punfy mourally ooctitTing 
dstonOun- FUrtbetmaiVf unli3ce natural 
die polyp^ddes am reladvcly resistant to iidubition by 
smun pit)iease inhibiiofx. 

Numerous methods for preparing ccUs for cuUorc arc 
known 10 thotic sfcillvd in die art One such mediod, 
dcKciibcdbyCwwy etal U. CtULfhysfoL 9S:l3-22, im 
tnoorporatfd herein ^ reference), it believed to be pzcmcu- 
larly weU suiied ta die ptacdce of dns aspea of the inven- 
tion. 

As wdl be appreciated by dtose of skill in the art. die 
sciimil^ory polypepddes of die present invemion owy be 
employod together wizb any suitable cell culture medium to 
adueve die advantages of their cQU'Siimuladan dfods. For 
example, die prtacnt invcntora lutve fourid ti mixture oi 
Dulbecoo-Vbgt modified Eagle's medium and JUim'a F12 
medium to be a particulaiiy iqipropnate base rtiediuTn . lb 
pnctioc the invention* one adds Q.I ng/&d-}0 ug/tnl of die 
sdnwb«ory peptide Al&.C^T^-lor»-Pio-Asp-Glu-Gly- 
l^s-Aiit-0ly-A^Al8-Cy6HGlu-Gly-AS|>-Scf-Gly-Gly-Pn>- 
Ph^VU todie cttlmrp medium. Tbe oeUs are tben incubated 
in an appropnaie humidified annospibexei for fiTnmplr . one 
containing 5% OOg in air at 37* C. Atrcgularinlervahf (3or 
4 49ys}> tbe 6pent mcdhtm is removed from the oell odtuie 
and replaced wuh fresh mecSum far malaxc d as desc ri bed 
above 

EXAMPL&7 

Tteaiment ProtocoU 

Due to precsudonii necefisanty atteodani (o developmcm 
of eiveiy new pbaxmaceudcal, tbe polypeptides of the present 
invendon have not yei been vested in a cliniral setting in 
human kiIjJiscu- However, the in vino acnvity of diese 
polypeptides in seiccdvely promoting or inhibiting tbrom- 
bin-mediaied ntirogmwit^ is beUevea m demonstrate die 
udliiy of die prceeoi inveoiioa in diis regard. Tlic followiiig 
prophetic embodiments represcnr the best mode comem- 
pElaied by the present mvenuns of carrying out the practice 
<tf die mvention in vadous dinical settings. 

a. Wound Heahng 

Xi u believed duti die «dmuUtory polypepndes win prove 
JO be ttscfial in numezoas cHnical suu a n'on s where ir ia 
des^able 10 potenoaie wound healing. 4n paniculAf. dtese 
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iadiwje wwoiww of bum psteiw. Uio^ involved io severe 
dpd^em, itv»c lul^ectcd to a vanexy of sur^gical j^edures 
azid tt)0&c with poor wouad te&lmz n^xmaes, suc^ fls (he 
aged aQddwbcoc.AJdU3U9hibebcsiftodeofadaum8wi^ 

pdlypqittdw ^iU depend on mo POT 3 
abon. IS is beUcved ibu ies adixunvftra^on in ibe fonn of oa 
ii»o»qI spf^ wJl piovcxo be pafrtcolartj advamaBcows io 
amuntmrof Mirbscttiogs Methods for izujoipoiacin; ;bcnt- 
pemic agcjiw jb» acjosoj »pjayB arc wiOl know© m il» an. 
TliCTcfte.iiitt considered UiaifonnuJaiiao mid w m 
sumalaiQsy pblypfipadcs in such acnwol S|)i^8 is weiU 
wKbin the s^l of the fin in Ughi of ihe premt disclosure. 

T^ie swnulauwy polypcpndc may also be qiplicd xo ibe 
wound in me fbnn of a salve or lodon. AlnTnadvdy, they 
may be iocorpoiaisd into the maitnid used to dress the is 
wound. TccOmiqucK for ingorpormoo of d wrnp ni ilr sscni« 
oompo^iioos mo salves^ lodoos and wound drttfton^s are 
also weU icoowp in die an and within fhr idciU of the an in 
Usht of the pncsem ttpeci^cauon. 

It is believed mat an dfscuvc dose of the polypepnde is 30 
i^ppiDximm^ty bci:wccis OlS uM^50 hM- However, 
dosages woald. of course tc determined cn^irieally by 
u^memal methods well Known to those sicillcd in the 
pbannacendcai 

b. Use of the Inhibitory folypepHdes ^ 
I. Inbibiuon of Scar Fonnadon and Porxosdan of 
T^sue Adhesions 

U is Amhcr hehevcd thai ibe inhibsu^ pcHypepddea will 
prove useful in a number of siiuaiKnis, for example where 
inhibition of fibrubhiST proliferadon u desirable. These 30 
mrlm ^ preyeraiDn of scar fonnauon and trssae adbesions- 

One inanner in which the mvcruiosi ntiQf be praciioed is by 
incoiparating the inhibsiory polyp^de Ars-Qy-Asp-Ala - 
imo 4ny v^ele suiiable for applicadon to a wound, ^ur^cal 
inctsioq or ftuite of a body orsan-l^^ese vehicles uvOudc ^ 
scTO^bl spraysi salves imd lotioos appropriate for cSrect 
applieacion to nssues as well as soludon$ appropriate for 
intravenous or ssubcuiafleous nuecdons. Methods Sor incor- 
poraiins theiapeude ^gems imo phvtnaceuUcal vehicles 
such a» those deiaibc:d above is bebeved lo be wdl widtin ^ 
d)e slcOl of dte aru as are methoda for applying the rt:suham 
ooniposidons. 

U is proposed That an effective dosa of die polypepcidc i^ 
I n£/cm^lO upcw? if die compound is appUed topicaUy, If 
injected, an e^^ve do»: is th^t dose su^ciem to obcam a ^ 
coacentranon of the polypeptides of ton O.I uM to 10 uM. 
ar dio site when» needed. However, exaa doses, of course, 
should be deicrBiioed by accopwd phaxTOccuOcal incibodfi 
Icnown 10 those skilled in the pbarmaoeudcal ans. 

lltoor'nicrapy ^ 

It is beEcved thai die inhibitory polypeptides will ftjnbcr 
prove to be usefnl in die tre atntfTir of vuoous wmors, 
panieuUrly in preveodng metastasis and angSogenesis. It is 
anticipated that die iohrbnoty polypeptides could best be 
ttfmtistrred by intravenous adxnimsiniiDn. » 

The Inhilmory polypeptides oould be ^^fvn daily by 
cQoiinuous infusion or on altezsative day?, widi more tra- 
cfidonal chemodierapy being given on die imeivenins day. 



While exact doses of the mhibuory pe{mdes would have to 
be detertmncd empirically by methods Known to ibose 
skilkd in the art, U is estonated that an efTective dose woold 
be that amount suSdcitt to achieve a ooncencntian of 0.1 
qM to lOiiM at the nte where needed Of course as widi a 
new pbarmacciiTinil Agettr of any type, cliineal oials would 
be needed to estshhsb levels at which uruicociAahk tOAieity 
would be reached. 

The present invennon has been dlsehued in terms of 
specific emhodaaems believed by die invemcr to be the best 
mode fbr carrying out me invenUon. However, in K^b: of the 
disclosure hereby pfovioed* ibosc of slaU in die various arts 
w4l recognize thai modi^cadons can be made widiou: 
depardn^ iVom the imcndrd scope of The invennon. For 
example, any of these pepddes may be admimsiered by a 
number of medwds loiown m the art. Punhermore future 
swedes are expected u> resuli in pcDduaum of Ovmnbin 
Oenvadves widi increased sdmulaiofy or inbbiirtty activity. 
These ond aU other modifinKion» aiul crobtxfimgiis are 
intended u> be within die xa^ of die cUdms. 

What ts claimed is: 

1. A method for piomoong wouxui healing comprising 
api^ying to a wound a rher^ipcuricaUy effective amount <^ 

a punned thrombin derivadvc peptide of 23 arrurM> 

acuis m lengdi wherein said pepdde tnchides a 
a dmmilsn recepuor bioding doinaxn having d)c sequence 

Arg-Oy ^Asp-Ala; 
a tfarumfc^n receptor Inrufing domain having the sequence 

of Aig-dy-Asp-Aja; 
a senna esterase conserved sequence; and 
wherein the Asp-Ala of the ihrambin receptor binding 

domam oon^irise die fir^t cwo amino acids of dte senne 

estersse conserved sequence. 

2. TUt method aeeotdmg lo t^aim 1 furmer compnsmg 
applying xo me wound a therapeutically effecdve amount of 
a compound selected &om the gfoyp eonsisnn$ of ailpb^- 
thiomoln or gamma dinHnbin in order to promote wound 
healing. 

X Tbc mediod of claim I whereio d» serine esterase 
conserved sequence cOniprlseS Ab'p-Ala-Cys-GUl-Qy-Asp- 
Ser-Dly-Cly-Pro-Phe-W. 

4. The memod of 1 wherein the dnombbi derivative 
pcpddc has the amino add sequence: Ala-Qly-IVr-iys-Bo* 
A^Mjhi-Qy^.ys'ArB^y-Afe^-Ala-Cys-CluHOly-Asp-S^^ 
Gly^y-PiihPhC'W. 

5. The method of claim 1 wherein the thjomlrin dcrivarive 
peptide consists of die amino acid sequence Ala^Gly^lVr- 
l^Pm-A^p-Cau-^ly-l^s-Arg-ay-A^Ala-Cys-GlU'Gly- 
Asp-Ser-ay-dy-Ptt^lSie-Va. 

6. The method of claim 1 wherein die serine esterase 
conserved seqocooe u A8p^a*Cy8-CHa-Gly-Asp-Scr<il/- 
Gly'Pro-Phc->^ 
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